The title dimeric compound, bis ( # -3,5 -dinitrobenzoato-O: O')bis[ (triethylene glycol-O, O', O", O'")calcium(II)] bis(3,5-dinitrobenzoate) dihydrate, {[Ca-
Abstract
The title dimeric compound, bis ( # -3,5 -dinitrobenzoato-O: O')bis[ (triethylene glycol-O, O', O", O'")calcium(II)] bis(3,5-dinitrobenzoate) dihydrate, {[Ca-(C7H3N206)(C6H1404)(H20)](C:H3N206).H20} 2, has seven-coordinate Ca centres with distorted pentagonal bipyramidal geometry. Four O atoms in the coordination sphere belong to the triethylene glycol ligand, one belongs to the water molecule and the two remaining O atoms are from two different symmetry-related carboxylate groups belonging to two symmetry-related 3,5-dinitrobenzoate anions. The second dinitrobenzoate anion in the asymmetric unit does not participate in coordination, but is involved in hydrogen bonding to the hydroxy groups of the triethylene glycol ligand.
Comment
In complexes of 3,5-dinitrobenzoate (DNB) with alkali and alkaline earth metal cations, the carboxylate group of DNB exhibits a variety of coordination modes. It can act as a monodentate (Hundal, Hundal, Kapoor & Poonia, 1991) , an unsymmetrical bridging bidentate (Ward, Popov & Poonia, 1984) and a chelating bidentate ligand (Cradwick & Poonia, 1977) . The DNB ligand is also capable of forming a homoconjugate of the type [DNB...H-DNB]-, which can act as a bidentate ligand to form complexes called acid salts (Tiekink, Hundal, Hundal, Kapoor & Poonia, 1990) . The behaviour of DNB-as a counteranion is the result of a balance of various factors such as the charge on the cation and the steric crowding around it, operative solvent-cation interactions, flexibility of the neutral ligand and its role as a double-action species. As a net result, DNB-complexes can be either ion paired or charge separated. Our ongoing studies of [M(anion)(ligand)(solvent)] systems (where M is an alkaline earth cation) aim at distinguishing between the chemistry of Ca, Sr and Ba through crystallographic examination of the related complexes. The title compound, (I), is the first compound to be investigated in a series of complexes having triethylene glycol (TRIEG) as a neutral ligand and DNB as counteranion. (Johnson, 1965) of the title complex. Of the two DNB residues in the asymmetric unit, only one, i.e. DNBA, is coordinated to Ca 2+, while DNBB is involved only in hydrogen bonding. Ca 2+ is in a distorted pentagonal bipyramidal environment where all the four O atoms of TRIEG (07, 08, 09 and O10) and atom O1A of DNBA form a pentagon and the water Oll atom and the carboxy O2A atom of the symmetry-related DNBA molecule occupy the apical positions. The carboxylate group of DNBA thus acts as a symmetrical bridge between two centrosymmetric Ca 2÷ ions. The Ca-..Ca distance of 5.663 (2)A in the dimer is very long in comparison to that of 4.401 (1)A, in the structure of [Sr(DNB)2(tetraethylene glycol)].H20 (Kanters, Harder & Poonia, 1987) . In the latter complex, the cluster is much more tightly packed because the bridging groups of DNB are triply coordinated to the Sr ion, whereas in the former the carboxylate groups are bidentate only. The two DNB anions of the title complex differ from each other in terms of the twists of the carboxylate and the nitro groups with respect to the phenyl rings. In DNBA, the carboxylate and nitro groups make dihedral angles of 7.8(5), 2.4(17) and 4.3 (14) ° with the phenyl ring, while these angles are 10.2 (7), 9.2 (12) and 17.5 (5) ° for DNBB. The TRIEG ligand adopts a crown-ether-like conformation, as in the complex [Ca(TRIEG)2]C12.4H20 (Rogers & Bond, 1992) , rather than a helical conformation. The O--C---C--O torsion angles (Table 2) alternate +gauche (+60 °) and the C--O--C--C angles are all anti (180 °), as in the common D3d form of 18-crown-6. The Ca--Oether and Ca--Ohydroxy distances observed in the title compound are comparable to those observed in the complex [Ca(TRIEG)2]CI2.4H20.
OII
The terminal TRIEG group, two water molecules, one carboxylate O atom of DNBA and both the carboxylate O atoms of DNBB are involved in extensive hydrogen bonding (Table 3 ). The uncoordinated water molecule donates one H atom to the carboxylate O2A ii atom of DNBA and another H atom to the carboxylate O1B i atom of DNBB (see Table 3 ). The O12 atom of this water molecule acts as a hydrogen-bond acceptor forming a hydrogen bond with the terminal hydroxy group 07 of the TRIEG ligand. The second terminal hydroxy group (O10) of TRIEG acts as a hydrogen-bond donor to the carboxylate O1B i" atom of DNBB. The coordinated water molecule acts as a double donor to the carboxylate O2B atom of DNBB, thus giving hydrogen bonds to atoms O2B ii and O2B iii. The water molecules and the TRIEG ligand serve as a link between the centrosymmetric cluster and the uncoordinated DNBB anion. DNBA is coordinated to the two centrosymmetrically related cations, while DNBB is effectively charge separated from the cation by the TRIEG molecule. The TRIEG ligand interacts with the DNBB molecule through its hydroxy H atom.
Comparing the title complex to [Ca(TRIEGh]C12.-4H20, it can be seen that the latter yields a chargeseparated complex with the C1-ion being drawn out of the coordination sphere; TRIEG hydrogen bonds with the water O atom as well as the C1-ions. Neutral ligands such as TEG, TRIEG, etc., have a polar H atom and generally coordinate to the cation and simultaneously hydrogen bond to the counteranion. This decreases the nucleophilic character of the anion resulting in charge-separated complexes. It appears that O--H..-O anion bonding in the present complex is not strong enough to give rise to a completely chargeseparated complex.
Experimental
The title compound was synthesized by the 1:1 reaction of calcium bis(3,5-dinitrobenzoate) and triethylene glycol in aqueous ethanol. The crystals were grown at room temperature by slow evaporation. The density D,, was measured by flotation in water/KI. 
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O9---Ca--O 11 92.9 (4) (17) 0.050 (4) 0.2597 (17) 0.050 (4) MULTAN80 (Main et al., 1980) . Program(s) used to refine structure: XRAY80. Molecular graphics: ORTEP (Johnson, 1965) in Xtal3.2 (Hall, Flack & Stewart, 1992) . Software used to prepare material for publication: PARST (Nardelli, 1983) .
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Abstract
In the title complex, [Ca(CoHIsNO3)2](CTH3N206)2, the Ca 2+ ion is sandwiched between two triethanolamine ligands (IUPAC nomenclature: 2,2',2"-nitrilotriethanol), each of them coordinating through all four potential donor sites. The coordination polyhedron is distorted cubic. The 3,5-dinitrobenzoate counteranions do not interact directly with the cation but are hydrogen bonded to the hydroxy groups of the triethanolamine ligands.
Comment
In the complexes of s-block metal ions having a general formula M(anion)(ligand)(solvent), where the ligand is a neutral molecule having 0 or N as donor atom, the structure depends on whether or not the ligand has a polar or polarizable H atom (Poonia & Bajaj, 1979; Fenton, 1987) . Important ligands in the latter category are 1,10-phenanthroline, 2,2'-bipyridine, etc. These ligands only interact with the cation and do not interact with the counteranion through hydrogen bonding. The neutral ligands possessing polar or polarizable H atoms include hydroxy compounds and amines. Important examples include glycols, ethylenediamine, triethanolamine, etc. These ligands usually interact with the cation and are hydrogen bonded with the counteranion through polar H atoms. In the complexes of such ligands with s-block metals, the counteranion can interact with the complexed cation or can be excluded from the coordination sphere around the cation to give complexes where the counteranion is not directly interacting with the cation. The counteranion of the title compound is 3,5-dinitrobenzoate (DNB), which exhibits a wide range of coordination modes. In Ca 2÷ complexes, DNB has been found to act as a bridging bidentate, chelating bidentate and bridging tridentate ligand (Hundal, Martinez-Ripoll, Hundal & Poonia, 1995; Cradwick & Poonia, 1977; Kanters, Harder & Poonia, 1987) . The structure of the title compound, (I), has been solved to determine the behaviour of the neutral ligand triethanolamine (TEA) and to determine the nature of the interaction of the counteranion 3,5dinitrobenzoate with the cation and to compare the behaviour of the counteranion with that of 2,4-dinitrophenolate (DNP). Thermogravimetric analysis of the compound revealed that the solvent was not present in the final crystalline phase. 
O3
The crystal structure is shown in Fig. 1 . The Ca atom is eighffold coordinated by two triethanolamine ligands. The TEA ligands use all four potential donor atoms, i.e. three O and one N atom. The coordination around Ca can be classified as distorted cubic, as can be seen from Fig. 2 . The Ca--O distances are in the range 2.393 (7)-2.454(8),& and the Ca-N distances are 2.708 (5) and 2.730 (5),&. The Ca--N bond distances are slightly longer than that observed in Ca(TEA)(DNP)2 [2.600(7)A; Hundal et al., 1995] . In the other complexes of TEA with NaI (Voegele, Fischer & Weiss, 1974a), Sr(nitrate)2 (Voegele, Fischer & Weiss, 1974b) , Ba(acetate)2 (Voegele, Thierry & Weiss, 1974) , Ba(DNP)2 (Kanters, Smeets, Venkatasubramanian & Poonia, 1984) , and Ca(DNP)2 (Hundal et al., 1995) , the TEA ligand normally has an extended conformation, due to the presence of at least three almost planar C--N---C--C fragments, and a gauche conformation of the terminal OH group with respect to the
